Heart Rate Variability (HRV) testing aids in evaluating the body's ability to adapt to physical and mental stress. With the advent of computers, there are growing interests on recognizing context generated from human known as human activity recognition. The recognition of human activities has gained a higher interest in this field. Thus, this paper aims at recognizing the human activities by evaluating the HRV in real time, using a Pulse Sensor and by transferring the data serially from Arduino to MATLAB for classifying the activities and recognizing them.
INTRODUCTION
The advent of Microelectronics and computer systems has led to the development of various sensors and electronic devices which are capable of interacting with people as a part of their daily living. These developments have also led to advancements in the field of Biomedical engineering to help the doctors and caregiver to keep a track of the patients' behavior and responses. Thus recognition of human activities has gained a particular interest, especially for patients with diabetes, obesity or heart diseases as they are required to follow a well defined exercise routine.
Although the first work on recognition of human activities was carried out in late 90's, the technology for recognition of human activities needs to be improved, as some of the aspects are yet to be resolved completely. Some of these aspects are: (i) collection and selection of data set; (ii) implementation of feature extraction and classification algorithms; (iii) construction of a small, user friendly and portable system; (iv) collection of real-time data with minimum delay.
According to the studies on the functioning of the heart, it has been shown that, the period of heartbeat is not constant and changes over time with various human activities.
Variations in heart rate and their respective periods are called heart rate variability (HRV). The HRV obtained from longterm and short-term interval has been widely used to analyze the autonomic functions in patients with neurological dysfunction, cardiovascular diseases, diabetes, etc. Thus incorporating a more detailed information of the heart rate variability would be beneficial for interpreting the role of physical activities.
Day-by-day as the humans and computers are converging into an inseparable entity, the computers have gained an ability to recognize and understand its users dynamically, by obtaining the current and updated information about the user. Moreover, the advances in serial communication has led to an easy and quick transfer of the HRV data from a sensor with the help of a Microcontroller which can be further processed using various software processes in order to recognize the activities and classify them based on the HRV. Al-Busaidi, A.M. described in his paper the development of innovative low-cost educational platform to study and control a biped robot in real-time using MATLAB and Arduino board. MATLAB was used as a control and visualization environment, while the Arduino board was utilized as a final controller for the servo motors as well as a Data Acquisition Card (DAC).
LITERATURE REVIEW

IMPLEMENTATION
The proposed implementation model mainly consisted of three blocks as shown in Fig. 1 .
Fig.1. Block diagram of the proposed implementation model
Data Set Collection: It consisted of gathering the data from particular set of people of varying ages who are asked to perform some activities, using a heart rate sensor for a particular duration. In this project, data collection is done by two methods:  Data obtained from pulse sensor.
 Data from the available data set.
Feature Extraction: It consisted of extracting the Heart Rate Variability (HRV) and Beats per Minute (BPM) by calculating the interbeat Interval.
Classifiers: It consisted of classifying the activities of various subjects based on their HRV analysis. 
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Data Set Collection
Data Obtained from Pulse Sensor (RealTime):
The data set is collected in real-time using a Pulse Sensor Amped by Joel Murphy and Yury Gitman for Arduino [14] . This Pulse Sensor is essentially a photoplethysmograph, which is a well known medical device used for non-invasive heart rate monitoring. The data from this pulse sensor was extracted using Arduino [17] , which is a single-board microcontroller and can be graphically visualized using Processing [18] , which is an open source programming language and integrated development environment (IDE) built for the electronic arts, new media art, and visual design communities with the purpose of teaching the fundamentals of computer programming in a visual context, and to serve as the foundation for electronic sketchbooks [19] . The data from the Arduino Microcontroller was further transferred to MATLAB via serial communication [20] , as it has an interactive development and debugging capabilities.
Data from the available Data Set:
The data set used in the project was from the Wearable Action Recognition Database (WARD), Version1.0, which served as a baseline benchmark [11] . The WARD data format uses the MATLAB environment to store the action data sampled from the wearable sensors. Each action sequence is given a trial number N, N = 1, 2… The file name for storing the action data for the Nth trial is: WearableAction < N >.mat, where < N > is to be replaced with the trial number. Each trial file has complete sensor readings stored of the action sequence in one variable: WearableData. Wearable-Data contains the following fields:
i. Version: A string indicating the version of the database. Currently the only value is: "WARD 1.0."
ii. Date: A string indicating the date of the recording session. The string has the format: "yyyy-mm-dd".
iii.
Class: An integer value representing the action class number.
iv. Subject: An integer value representing the subject number.
v. Age: An integer value representing the age of the subject.
Feature Extraction
ExtractingFeatures from Sensor and transferring it to MATLAB (Real-Time):
The main features to be extracted are the Heart Rate Variability (HRV) and the Beats per minute (BPM). This is done using the pulse sensor and the principle given in [21] . The heart pulse signal that comes out of a photoplethysmograph is an analog fluctuation in voltage, and it has a predictable wave shape [21] . The depiction of the pulse wave is called a photoplethysmogram, or PPG. The latest hardware version, Pulse Sensor Amped, amplifies the raw signal of the previous Pulse Sensor, and normalizes the pulse wave around V/2 (midpoint in voltage). Pulse Sensor Amped responds to relative changes in light intensity. If the amount of light incident on the sensor remains constant, the signal value will remain at 512 (midpoint of ADC range). More the light and the signal go up. Less the light, the signal goes down. Light from the LED, that is reflected back to the sensor changes during each pulse. The goal is to find successive moments of instantaneous heart beat and measure the time between, called the Inter Beat Interval (IBI). Once the pulse is detected and the heart rate variability (HRV) and the beats per minute (BPM) are calculated, the data is transferred serially to MTALAB [16] , as shown in fig. 3 .
Fig. 3. Block diagram depicting Serial Communication between Arduino & MATLAB
Extracting features from the available WARD Data Set:
The following features were extracted from each of the data set [6] available from the WARD data [11] .
The mean value represents the DC component of the signal over the window time frame while the standard deviation allows for the discrimination of similar data values for differing activities. Energy is a measure of the intensity of movement and is calculated by taking the sum of the squared discrete FFT magnitudes and dividing by the window length. Correlation enables the differentiation of activities that involve transition, i.e. between walking, running and stair climbing [6] .
Classifiers
Classifying the Activities from the Features Extracted in Real-Time:
Although many classification algorithms have been proposed to classify human activities based on features extracted, in this project an attempt has been made to classify these activities empirically by recording the HRV of five subjects performing two different activities using PLX-DAQ, which is software for obtaining the data extracted from any Microcontroller into Microsoft Excel [22] . The real time HRV data which was transferred serially to MATLAB was passed through a classifier function to recognize the activity. The implementation of this classifier is illustrated in the flowchart of fig. 4 .
Fig. 4. Flowchart illustrating the implementation of Classifier algorithm for Recognizing Activity
Classifying the Activities based on WARD Data Set:
The data from WARD data set was divided into a training set and testing set. The aim was to make the user select the desired subject and the activity and train the classifier to extract single or all of the features of the available data set. The testing was then performed by selecting subject and the activity. The algorithm then classifies and displays the actual activity and the classified activity based on the training data set. The flowchart is as shown in fig.5 . 
RESULTS & DISCUSSION
The classification and recognition was done separately using the real time data and the WARD data set.
Results obtained from the Real-Time Data
The result obtained on the serial monitor of Arduino can be graphically visualized using Processing software. Since the data is a continuous time-varying data, the data was stored into an excel sheet, using the PLX-DAQ for training the algorithm. Table 1 shows the average HRV of 5 subjects, obtained from the Pulse Sensor using PLX-DAQ. Using this data, the classifier algorithm was trained giving a result with a fair accuracy of around 85% as the algorithm is based on empirical logic. However due to the baud rate and serial communication issues, there can be a delay in obtaining the data.
Display the Recognized
Results obtained from WARD Data Set
The accuracy obtained from the WARD data base mainly depends on the training records. However in this project, since the test data is obtained from the given WARD database, the accuracy is around 95%. Table 2 shows the various feature extraction parameters and the accuracy obtained from the real time data and the WARD data set. 
CONCLUSION & FUTURE SCOPE
Heart Rate Variability (HRV) testing evaluates the body's ability to adapt to physical and mental stress. Thus this work has been carried out to recognize the activities by evaluating the HRV in real time and recognizing the human activities which has become a task of high interest within the field, especially for medical, military, and security applications. Further, the data obtained from WARDs also utilized and the classifier algorithm was implemented to recognize the activity performed by using the training and test data.
However the delay due to serial communication between the Arduino and MATLAB tends to decrease the accuracy of the classifier algorithm. Thus the advances made so far need to be improved in terms of their robustness to real-world conditions and real-time performance.
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